Congestive heart failure (CHF) due to left to right cardiac shunts is usually managed medically with diuretics and angiotensin converting enzyme inhibitors (ACEI) as after load reducing agents. We report a 31-week gestation premature male infant who did not respond to such treatment and was found to have hyperaldosteronism and severe hypokalemia, which was resistant to IV Potassium Chloride (KCL) infusion. The addition of spironolactone (an aldosterone antagonist) had a dramatic effect within 2 days as CHF symptoms improved clinically and both aldosterone and serum potassium levels normalized. Also, NTproBNP was found to be a useful biochemical marker for CHF that correlated well with the clinical picture.
Introduction
Congestive heart failure may cause inappropriate tissue perfusion and is a major cause of morbidity and mortality in children [1] . In infants with CHF secondary to left to right shunts, the effective systemic perfusion may be compromised by decreased systemic blood flow and decreased vascular tone due to immature autonomic nervous system [2] . That may lead to activation of the renin-angiotensin-aldosterone system (RAAS) causing inappropriate hyperaldosteronism and fluid and electrolyte imbalance [3] . The occurrence of hyperaldosteronism in congestive heart failure in children has been reported [4] . Infants with CHF and this condition may not respond appropriately to standard medical management.
Case Report
A premature 31-week gestation male infant weighing 991 grams was born to non-consanguineous couple and the mother was G4P4. There was no significant family history. The pregnancy was complicated by oligohydramnios and inappropriate prenatal care. Physical examination was remarkable for retrognathia, high arched palate, undescended testes and hypotonia. On day 3 of life, a holosystolic murmur was appreciated and an echocardiogram showed a moderate size membranous ventricular septal defect (VSD), a moderate size patent ductus arteriosus and a small size secundum atrial septal defect. He had normal serum electrolytes on day 5 of life. At 2 weeks of age, he gradually developed shortness of breath in the form of tachypnea and mild intercostal retractions. The systolic and diastolic blood pressure ranges were 62-76 mm Hg and 43-53 mm Hg respectively. The mean arterial pressure range was 50-60 mm Hg. A chest X-ray showed cardiomegaly and pulmonary edema suggestive of CHF. He had a decreased urine output (<1 ml/kg/hr), and increased blood urea nitrogen (BUN) to 27 mg/dl. Serum NTproBNP level which is routinely done in extremely premature infants in our Neonatal Intensive Care Unit was 22,700 pg/ml (normal is <125 pg/ ml). The patient was initially managed with furosemide and captopril with no clinical improvement. The respiratory distress got worse and the patient required mechanical ventilation. Basic metabolic panel showed severe hypokalemia (1.9 mmol/L) and hypernatremia (149 mmol/L) ( Table 1 ). The hypokalemia did not respond to intravenous potassium chloride (KCL) supplementation. The urinary potassium excretion was 111.8 mmol/L (normal is <10 mmol/L) and urinary sodium was <5 mmol/L (normal 20 -40 mmol/L). This was suggestive of hyperaldosteronism and the serum aldosterone was elevated to 547.5 ng/dl (normal 7-99 ng/dl) ( Table 1 ). At that time, spironolactone, an aldosterone antagonist was added and within 48 hours the clinical signs of CHF started to resolve and the patient was extubated to be maintained on nasal continuous positive airway pressure. Within 4 days, the serum aldosterone levels dropped to 109.6 ng/dl, the urinary potassium decreased to 19.1 mmol/L and urinary sodium increased to 104 mmol/L. The serum potassium normalized (4.5 mmol/L) without any further supplementation of KCL. Also the serum NTproBNP level dropped to 3,750 pg/ml (Table 1 and Figure  1 ). We did not obtain renin levels or renal/adrenal ultrasound on the patient. Chromosomal studies done because of dysmorphic features showed partial trisomy 8mosaicism. The routine newborn screen was normal. The CHF was medically managed for one month before the patient rapidly deteriorated and then needed to be mechanically ventilated again. A repeat echocardiogram showed severe pulmonary hypertension with reversal of the direction of the shunts at all levels. He did not respond to maximum support and eventually expired at 6 weeks of age.
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Discussion
Renal perfusion and tubular functions regulate fluid and electrolyte status by the secretion of renin from the juxtaglomerular cells and aldosterone by the adrenal gland. Renin converts angiotensinogen into the inactive angiotensin I, which is further converted into the active angiotensin II by Angiotensin Converting Enzyme (ACE). Angiotensin II stimulates the adrenal cortex to secrete aldosterone, which promotes reabsorption of sodium in the distal tubule [5] (Figure 2 ).
Complete trisomy 8 is usually a lethal condition that accounts for 0.8 % of spontaneous pregnancy losses. However, trisomy 8 mosaicism is a rare chromosomal abnormality with extremely variable phenotype and cytogenetic expression [6] . The exact mechanism that determines the severity of phenotype in patients with trisomy 8 mosaicism remains unknown [7] . The phenotype may include abnormal facial features, high arched palate, reduced joint mobility, various vertebral and costal anomalies, eye anomalies, congenital heart defects including VSD [8] , camptodactyly and deep palmar and plantar creases [6] .
Infants with large left to right shunts usually present in the first few days/weeks of life as pulmonary vascular resistance (PVR) drops. CHF leads to decreased tissue perfusion, which in turn leads to stimulation of the RAAS. In severe cases, hyperaldosteronism secondary to decreased renal perfusion may develop. In this case, the hypokalemia would be resistant to KCL supplementation. The aldosterone antagonists block the effect of aldosterone at the distal tubule, which decreases potassium loss in the urine [9] . In our patient, the addition of the aldosterone antagonist, spironolactone, to diuretics and ACEI reversed that process. This was shown by clinical improvement and normalization of lab values.
Some studies have shown a good correlation of serum levels of NTproBNP and severity of CHF in children [10] . This was proven to be correct in our patient. The standard pediatric echocardiograms are costly and need special expertise for interpretation. Serial determination of the NTproBNP as a biochemical marker of the severity of CHF could be a valid alternative. This may need to be validated in a larger study.
Conclusion and Therapeutic Implications
In infants with severe CHF, fluid and electrolyte imbalance, especially hypokalemia refractory to KCL supplementation, may be a sign of RAAS activation. In this case, hyperaldosteronism should be considered and if proven to be present an aldosterone antagonist may be added to diuretics and ACEI. Also, NTproBNP seems to be a useful biochemical marker for CHF that correlates well with the clinical picture.
